Sleep is important for the physical, social and mental well-being of both children and adults. Over the years, there has been a general presumption that sleep will inevitably decline with the increase in technology and a busy 24-hour modern lifestyle. This narrative review discusses the empirical evidence for secular trends in sleep duration and the implications of these trends.
Introduction
Sleep is important for the physical, social and mental well-being of both children and adults. Sleep duration, in particular, has received growing attention over the years and has been shown to have an important influence on many biological processes such as inflammation, glucose regulation, appetite and energy expenditure, [1] [2] [3] [4] as well as psychological processes such as memory consolidation and attention. [5] [6] [7] [8] [9] Collectively, these findings are thought to explain associations found between short sleep duration and adverse outcomes, such as obesity, diabetes, cardiovascular disease, and depression, as well as decreased work productivity and road accidents. 3, 10, 11 Given the importance of sleep duration to health, concerns have been raised that insufficient sleep is pervasive and inevitable in today's 24-hour society. 12, 13 Continual advances in technologies such as artificial lighting, television, personal computers, the internet, smartphones and other screen-based devices are all believed to contribute to shorter sleep. 12 This seemingly inevitable decline in sleep has raised health and economic concerns. Specifically, sleep duration may be an important modifiable lifestyle behavior affecting population health, well-being, and quality of life and therefore an important contributor to health and economic costs.
Although it is widely presumed that sleep is declining as society 'modernizes', the empirical evidence for sleep trends has received limited attention and discussion. 12, 13 Secular trends in both children's and adults' sleep provide important epidemiological insights into better understanding the contribution of sleep to population health. Such trends play an integral role in informing public policies, interventions and preventive measures, as well as prompting calls for action.
The primary aim of this study is, therefore, to provide a narrative review of the evidence for secular trends in sleep duration in order to better understand the implications of current knowledge. This paper will focus on the sleep duration of school-aged children and adults. Although we acknowledge unique social and biological issues exist within sub-groups of the population examined (ie, young children, adolescents, early adulthood, working age and elderly) we examine trends broadly for children and adults. Infants and toddlers are omitted, as the nature of their sleep is qualitatively different from those of older age groups and thus the public health strategies for these groups will also be qualitatively different.
Children's sleep
Children's sleep duration and health Shorter sleep durations have been shown to adversely affect children's physical health, cognitive ability and mood. [17] [18] [19] Short sleep has been associated with increased weight status [20] [21] [22] [23] and has been suggested a possible contributor to children's obesity. Meta-analyses 10, 18 reporting an association between children's sleep duration and body mass index report statistically significant associations (OR 1.58-1.89). Short sleep is thought to increase the risk of obesity by increasing sympathetic activity, elevating cortisol and ghrelin levels, decreasing leptin levels and/or impairing glucose tolerance. [24] [25] [26] In line with evidence that altered ghrelin and leptin levels affect hunger, 27, 28 experimental sleep studies show that children with extended sleep times consume fewer calories and weigh less than children with restricted sleep time. 26, 29 Although less extensively examined, 30 short sleep has also been associated with impaired glucose metabolism and insulin resistance. While longitudinal studies also identify an association between short sleep in children and future weight gain, [31] [32] [33] evidence that children's sleep duration leads to the development of future diabetes are limited and conflicting. 34 Sleep duration has also been identified as important for cognitive function. Children with shorter sleep have been shown to display more behavioral problems, have poorer executive functioning and impaired school performance. 17, 19, 35, 36 These findings have been supported by a meta-analysis of 86 studies, 37 however, most studies examined self-reported sleep and the overall effect sizes are small (r b 0.1). Experimental studies examining cognitive function in children consistently report poorer functioning in restricted sleep conditions compared to baseline (ie, usual sleep) or extended sleep. 35, [38] [39] [40] It is also important to note that adolescents are particularly susceptible to short sleep due to biological processes, which occur during puberty. 41 Specifically, the secretion of melatonin, a hormone that helps regulate the sleep wake/cycle, is delayed during puberty, causing delayed sleep onset during adolescence. 41 Given physiological changes, together with academic (eg, homework) and recreational activities (eg, part-time employment) that often compete with sleep time, declines in sleep are often observed during adolescence. 42 Most studies on children report a linear relationship between sleep duration and health. 17 This is in contrast to the U-shaped association seen in most adult populations (detailed below). Differences in the shape of the sleep-health relationship between children and adults have not been systematically investigated. It is possible that a U-shaped association between sleep duration and health also exists in children, but is difficult to detect as long sleep is practically restricted by other activities, such as schooling, in the 24-hour day. Despite there being a growing body of evidence to support the link between sleep duration and health outcomes in children and adolescents, it is important to acknowledge that much of the epidemiological evidence is based on self-report data. Self-report measures of children's sleep, although correlated with objective measures, such as actigraphy and polysomnography, are subject to limitations associated with recall and reporter bias. 43 Authors have also questioned whether statistically significant associations reported for children's sleep duration and measures of physical health, such as obesity, are clinically significance. 44, 45 Nevertheless, currently available studies provide evidence that detriments in health are associated with shortened sleep. Accordingly, if secular declines in children's sleep are occurring, it is a reasonable cause for concern.
Trends in children's sleep duration Up until recently, it was widely presumed that children are sleeping less than they did in the past, despite limited and conflicting evidence to support this belief. 13 As identified in our scholarly genealogy of the literature, which aimed to determine the evidence for claims of a secular trend in children's sleep, there were most claims of a decline, despite there being mixed available evidence. 13 Specifically, our previous study identified 51 papers with claims of a secular trend in school-aged children's sleep duration, of which 34 papers cited evidence of a decline, while the remaining 17 studies provided primary evidence which showed that secular trends in children's sleep are mixed. 13 Given the conflicting and limited evidence for secular trends in children's sleep, we have also conducted a meta-analysis of data from 690,747 children across 20 different countries to determine trends in children's sleep since 1901. 46 The results of this study confirmed popular beliefs of a secular decline although the decline identified in this study was not as extreme as many of the claims that have been made. We found an overall decline of 0.76 min/y over the last century. This is in contrast to suggestions of declines of 1 hour over the last 30 years and 40 years, 47, 48 indicating that children are experiencing a secular decline of 1.5 to 2.0 min/y, estimates more than double the 0.76 min/y identified in our study. 46 Significant differences were observed according to day-type, age and sex. Specifically, the median rate of change was greatest on non-schooldays (0.48 min/y) compared to schooldays (0.38 min/y), for older children (0.86 min/y for 16-to 18-year olds) compared to younger children (0.32 min/y for 5-to 8-year olds), and for boys (0.89 min/y) compared to girls (0.70 min/y). 46 Since the publication of our reviews, 13,46 a further attempt has been made to understand trends in children's sleep. Keyes and colleagues 49 examined the frequency of self-reported sleep being greater than 7 hours in a representative sample of 272,077 US adolescents, aged 12 to 19 years, between 1991 and 2012. Consistent with our review, a decline was observed, with adolescents being 30% less likely to report seven or more hours of sleep in 2012 compared to 1991. However, it needs to be noted that actual sleep duration was not reported in the study, 49 only sleep duration of 7 hours or more and sleeping less than needed.
Adult's sleep
Adult's sleep duration and health Akin to studies on children, sleep duration has been associated with a wide range of health outcomes in adults. Scientific attention on adult sleep dates from the early 19th century, when experimental studies demonstrated the biological necessity of sleep 50 and the acute detrimental effects of sleep deprivation on well-being. [51] [52] [53] However, evidence suggesting there may be long-term health effects of habitual short sleep has only emerged in recent decades. 54 In contrast to the literature on children, which predominantly focuses on the detrimental effects of shorter sleep durations, both long and short sleep durations appear to be detrimental to health in adults. In 1964, a U-shaped relationship between self-reported sleep duration and mortality was found in the American Cancer Society Cohort. 54 The study of 10,082 men aged over 30 found the lowest mortality ratio in those with 7 hours of sleep, with deaths increasing on either side of this nadir. The same curve was seen for all age groups including and up to those aged 85 years and above. This finding resulted in the belief that 7 hours of sleep was the optimal amount of sleep for adults and that shorter or longer sleep durations were unhealthy. Population studies continue to show a U-, and in some cases, a Jshaped association between sleep duration and health. 55 and more controversially, obesity.
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Trends in adults' sleep duration The notion that adults are chronically sleep-deprived and are sleeping less than they used to is widespread, in both the popular and academic literature. 61 Media headlines highlight the degree of sleep loss revealed by popular polls, while perusal of the scientific literature show the phrase "an increasingly sleep-deprived society" occurs in publications across disciplines. Targeted searches for phrases such as "no change in sleep duration" or "increasing sleep" revealed no instances of manuscripts that contend an increase in sleep duration or alternatively that sleep was unchanged. Despite these claims, systematic investigations reveal that there is little evidence to support the assertion that adult sleep duration has decreased in recent decades. Our systematic review of the literature identified 12 studies with information on sleep duration trends in 15 countries: sleep duration had declined in six countries, but increased in seven other countries, with mixed results found for two. 62 That is, for every country where sleep duration was shown to be in decline, there was another in which sleep was increasing, with no clear social or economic grouping of the countries that might explain the diverse trends. 62 To gain a better understanding of trends in adult sleep duration, we analyzed nationally representative survey data from 10 developed countries which were repeated between the 1960s to the 2000s. We found that instead of the anticipated increase in short sleep, long sleep durations had become more common across these nations. 63 A recent meta-analysis of polysomnographic data tends to support these findings. 66 Synthesis of data from healthy volunteers in the literature has revealed that objective sleep time has not declined over the past 50 years. While volunteers for research studies are not representative of the adult population at large, the lack of a significant decline in their sleep duration is consistent with the hypothesis that sleep duration has changed little over recent decades and is evidence against the large declines of N1 hour that has been claimed by others. 66 Notably the majority of null findings on adult sleep duration trends derive from analyses of time-use diaries, a method that has been critiqued as capturing time-in-bed rather than sleep time.
However, this method is arguably more objective than asking individuals how long they usually sleep using a single question, since participants are blind to the focus on sleep and the diary structure applies an external constraint that activities conducted during a 24-hour day does indeed total 24 hours. In contrast, those studies which have reported declines in sleep duration have generally asked about average or habitual sleep durations using a single question. Sleep durations attained from single sleep questions have shown declines over time but equally, it is these single-question responses to sleep duration that have been linked to health outcomes. Given that sleep durations attained from single-phrased sleep questions have also been related to sleep quality, it is possible that such measures of sleep duration also include a subjective component of sleep quality. 67 Are declines in sleep quality responsible for the perceived decreases in sleep duration, even while objective diaries suggest the time-opportunity for sleep has not changed? Recent narrative review has shown that indicators of poor sleep quality such as insomnia symptoms, use of sleep medications, and ambulatory care visits involving complaints of sleep disturbances have increased in several countries since the 1990s. 68 These findings suggest that there is declining sleep quality in the adult population. However, this may be due to perceptions of declining sleep quality, increased awareness of sleep medicine and a lower threshold for help-seeking for sleep problems, as well as actual reductions in sleep quality. That is, both self-reported sleep duration and sleep quality are subjective concepts, at least as currently measured in the majority of populationbased studies. Consequently, the reasons for observed declines may be related to perceptions rather than reality. Until we have objective measures of sleep at a population level, we cannot say with any certainty that adult sleep duration or quality has deteriorated over time.
Causes of secular trends in sleep duration
Notions of a secular decline in sleep have been attributed to activities keeping people awake, such as television, work/school commitments and use of technology, and factors enabling people to stay awake, for example lighting and caffeine. 12 Although this appears to stand true for children, with evidence, 69, 70 other factors such as poor health and deteriorating sleep quality may explain feelings of inadequate sleep, despite unchanged or increased sleep times in adults. Shortened sleep among children is thought to have occurred as a result of progressive delays in children's bedtimes, but unchanged wake times. For instance, Dollman and colleagues 70 found that although the school-day bedtimes of 10-to 15-year-old Australian children were later in 2004 than they were in 1985, their corresponding wake-times had not changed. Consistent with these findings, later bedtimes have also been reported for children living in Switzerland, 69 Finland, 71, 72 Norway, 73 Germany 74 and Iceland. 75 Screen-based devices such as televisions, computers and mobile phones have been associated with delays in bedtimes. 23, 76 In a study by Van den Bulck, 77 for example, it was found that television viewing, computer game playing, and internet use among children was associated with delayed bedtimes as well as less time in bed. Study commitments have also been recognized as reasons that children stay up late and experience shorter time spent sleeping. 41, 78 Yang and colleagues 79 found that homework determined the bedtimes of 20.4 percent of Korean students in grades 5 to 12. In addition to school commitments, part-time employment among children is also on the rise, and may contribute to later bedtimes and shorter sleep times. Carskadon and colleagues, 80 for example, noted that adolescents who worked more than 20 hours a week went to bed later and slept fewer hours each night than those children who did not work.
Although there has been no consistent decline in adult sleep durations globally, there is no question that some sections of the adult population achieve shorter sleep durations and may be more sleep deprived than others. The main constraint on adult sleep time and therefore sleep duration appears to be employment: those who are employed sleep less than those unemployed, 81 those with multiple jobs sleep less than those with only one role, 81 those with long work hours, 82 those whose jobs require lengthy commutes, 83 and certain occupations such as managers, transport/warehouse workers, and those in manufacturing are at higher risk of short sleep. 84 Unpaid work such as childcare and caring for older or disabled friends and family is also associated with reduced sleep durations. 81 The effect of shift work on sleep duration is less clear, possibly due to the different types of shift work available. Pilcher and colleagues, 85 for example, identified shorter sleep in permanent night shift workers, but longer sleep in permanent evening shift workers. Rotating shift work has also been shown to affect sleep duration, with different effects reported for the different types and speeds of rotating shift work. 85 The use of technology and its impact on adult sleep is less well explored than that of technology and children's sleep. One crosssectional study has reported that more time spent watching television is associated with shorter sleep times, 86 although the possibility of reverse causality, that adults who require less sleep watch more television, cannot be ruled out. A prospective study in young adults aged 20 to 24 years has found that greater computer use predicts sleep disturbances on 1-year follow-up, which suggests that screenbased technologies may impact on sleep quality and therefore subjective sleep duration. 87 Electricity allows individuals to stay awake longer. Although there is relatively little empirical evidence, the development of the light bulb in 1874 is widely accepted as the starting point for secular declines in children's sleep duration 88 and has been described as 'Edison's anti-sleep revolution'. 89 While there is some evidence to show that individuals without electrical lighting tend to sleep more than those with electrical lighting, 90 there is also evidence to suggest that although time in bed may be longer, the difference in total sleep duration is small 91 and in some cases sleep is (even) shorter. 92 Caffeine has been described as another main reason that individuals are not getting enough sleep. 48 Pollak and Bright, 93 in a study of 191 American students aged 12 to 14 years, found that higher caffeine intake was associated with shorter nocturnal sleep duration. Similarly, Orberta and colleagues, 94 in a cross-sectional study of 4243 adolescents, found that adolescents who consumed caffeine (either as coffee or soft drinks), were twice as likely to have sleep disturbances compared to adolescents who did not. Given the crosssectional nature of these studies, it is important to consider the possibility of reverse causality. It is also difficult to determine secular trends in caffeine consumption, as the evidence appears mixed. [95] [96] [97] [98] [99] [100] [101] Social trends, involving increased technology use and shift work, are thought to not only affect sleep time, but also impair sleep quality and increase day-to-day sleep time variability. Circadian disruption in the form of night shift work alternating with days off work will contribute to poor sleep quality. Likewise, poor sleep quality may result in underestimates of subjective sleep time reports. 102, 103 Feelings of inadequate or poor sleep may also prompt an increase in sleep medication use, possibly increasing total sleep time, but not necessarily feelings of 'adequate' sleep. In the United States, there has been an exponential increase in sleep medication prescription over recent years, coinciding with self-reported declines in sleep quality and quantity. 104 Collectively, these factors may help to explain the observed trends in adult sleep over time.
It is also possible that adults' sleep time or perception of insufficient sleep has increased in response to an increase in sleep need. For example, an increase in cognitive tasks over the last century, such more time spent in education, a rise in standardized intelligence scores and an increase in the number of cognitively demanding jobs, 105, 106 may have increased adult sleep requirements. Given the importance of sleep for learning and memory, 107 feelings of insufficient or poor sleep may reflect the need for more sleep in order to cope with the increased cognitive demands of modern life.
Implications of trends in sleep duration
An understanding of secular trends in sleep is important for public health policies and intervention to promote sleep and reduce the adverse consequences associated with shorter and longer sleep durations. The small but consistent declines observed in children's sleep are concerning given that shorter sleep durations have been associated with negative health outcomes. Despite these concerns, declines in sleep do not necessarily indicate that children are not getting 'enough' sleep. Indeed, declines in sleep may suggest that 1 children are currently not sleeping enough, 2 children used to sleep more than they needed, or 3 there is not a specific amount of sleep that children need.
In contrast, the work on adult sleep duration suggests that the time opportunity for sleep has not been encroached on by social trends. However, the perception of declining sleep duration is important to address as subjective sleep duration remains predictive of adverse health outcomes. 11, 17, 18 There may be issues of unmeasured confounding in studies linking self-reported sleep duration and health, and it would be important to identify what those confounding factors are in order to understand whether sleep duration is causally linked to long-term health and therefore a worthy target of public health intervention. Currently, it appears that short and long sleep durations in adults also capture some aspects of sleep quality and there appear to be declines in this facet of sleep as measured by healthcare seeking and medication use. 68 It is unclear if these indicate an increased awareness of sleep and, therefore, a lower threshold for help-seeking for sleep problems, or actual reductions in sleep quality, and, therefore, the perception of increasingly inadequate sleep. Optimal sleep is complex and poorly understood. Definitions of optimal sleep vary from the amount recommended by authorizing bodies to "the daily amount of sleep that allows a subject to be fully awake (ie, not sleepy) and able to sustain normal levels of performance during the daytime" 108 as well as "the amount of sleep required to feel refreshed in the morning". 109 However, such definitions have been contested, with arguments that there is "no magic number" for optimal sleep. [110] [111] [112] Despite uncertainties surrounding definitions of optimal sleep, sleep duration has traditionally been used as a marker of adequate sleep, with the presence of sleep duration recommendations reinforcing this notion. 12, 113, 114 Sleep recommendations do, however, acknowledge the complexity of optimal sleep and that sleep need may be influenced by inter-and intra-individual factors. 113 For example, health authorities recognize that everyone may have different sleep requirements and that other characteristics of sleep, such as sleep quality, timing, composition, day-to-day variability, and continuity also play an important role. 115, 116 Likewise, it is also recognized that behavioral adaptations and environmental contexts may also alter sleep requirements. 115, 116 Although efforts have been made to inform current sleep recommendations, much more work is needed in this area, particularly in order to appropriately inform public policies. 113 
Public health implications of secular trends in sleep duration
Given that the current literature suggests detriments in health are associated with shorter sleep durations in children and both long and short sleep durations in adults, current trends in sleep are concerning and support the need for continual monitoring and intervention to ensure optimal sleep.
Public health interventions for sleep are currently in their infancy, with the majority raising public awareness of sleep health. For example, the American Academy of Sleep Medicine, the Centers for Disease Control and Prevention, and the Sleep Research Society partnered on the Healthy Sleep Project, in an effort to improve public health by promoting healthy sleep. 117 The initiative included the Sleep Well, Be
Well campaign, which highlighted the importance of adequate and consistent sleep, avoiding alcohol and caffeine before bed and seeking medical advice for sleep problems. Consistent with these messages, public health bodies are also increasingly acknowledging that sleep is equally important as diet and physical activity, which have received more public attention. For example, Heffron 117 reminds us that "sleep is one of the three pillars (diet, exercise and sleep) of a healthy lifestyle", while the Perry and colleagues 118 suggests that "sleep should be viewed as being as critical to health as diet and physical activity". In spite of these efforts, the impact of these strategies remains unclear and highlights a need to better monitor population sleep.
Monitoring sleep as part of population health surveillance programs may be considered a vital first step towards public health promotion and prevention strategies. For instance, the US Behavioral Risk Factors Surveillance System began asking about insufficient sleep in 1995, and added an optional module in 2009, which also asked about sleep duration, daytime sleepiness and snoring. 119 There is a general need to implement sleep monitoring in public health surveillance systems worldwide as well as a specific need to improve and standardize the measurement of sleep duration and other sleep characteristics in these systems.
Population-based sleep duration has traditionally relied on selfreport data. Many countries, for example, have time-use surveys, and while it is possible to derive sleep duration and sleep timing from these surveys, these methods also require standardization so that the results can be compared across countries and across time. Further, while self-report methods may have face validity, there is currently no validated measure of self-reported sleep duration. It is known that asking about sleep duration in different ways changes the estimate depending on how question is framed. 43 The precision of sleep measurements also need to be considered, for example, rounding sleep to within 5, 15 or even 60 minutes, may lead to marked differences. The disadvantages of examining self-reported sleep, and the need to examine objectively-measured sleep have been recognized. 120, 121 Objectively measured sleep, such as sleep measured via actigraphy, is able to assess both children's and adults' sleep in an ecologically valid setting, over multiple nights and is not influenced by recall or reporter bias, unlike self-report measures. Representative, population-based studies that objectively measure sleep are not only possible, but feasible.
Conclusion
Sleep is undoubtedly important for health. In spite of this, children's sleep appears to be declining, with important differences according to age, sex and region, while the evidence for adults is mixed. Although it remains unclear as to what constitutes optimal sleep, investigating trends in sleep is important given evidence to suggest that short sleep in children and both short and long sleep in adults are associated with poorer health. There is a need for ongoing population-based surveillance of sleep to examine population sleep trends into the future. There is a need to move from traditional questionnaire-based measures of sleep duration towards objective measures of sleep which have the capacity to capture multiple aspects of sleep (duration, timing, quality, and variability), all of which may contribute to and influence optimal sleep. Lastly, there is a need to consider sleep part of the 24-hour activity spectrum and to investigate the combined impact of 24-hour behavior on health outcomes.
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